ABSTRACT: A promising possibility to improve the load bearing capacity and durability of textile reinforced concrete components is the polymeric impregnation of the textile reinforcement. Alkali resistant (AR-) glass is often used as reinforcement material. However, AR-glass loses strength in alkaline environment versus time. In this paper the mechanical behavior under short-term as well as long-term loading and the durability of textiles that were impregnated with selected epoxy resins are compared to non impregnated textiles. For this purpose tensile tests on impregnated filaments, rovings and textile reinforced specimens after an accelerated aging have been carried out. The results show a higher load bearing capacity and durability by the use of epoxy-impregnated reinforcement.
INTRODUCTION
The advantages of the new construction material textile reinforced concrete (TRC) dominate in fields of applications where thin-walled structural elements with a high load bearing capacity are required. Mainly alkali resistant (AR-) glass rovings, carbon rovings and aramid rovings consisting of several filaments are used to produce textiles as reinforcement materials. The number of filaments in one roving can be calculated as a function of the diameter and density by the fineness in g/km (tex, Titer). A 320 tex roving consists of approx. 800 filaments with a diameter of approx. 14 µm and a density of 2.68 g/cm³; a 2400 tex roving consists of approx. 1560 filaments with a diameter of approx. 27 µm and a density of 2.68 g/cm³.
mainly on the proportion of the inner to outer filaments. Tensile tests showed that due to the limited contact between the filaments and the concrete just a reduced amount of the tensile strength of the reinforcement can be activated [Dil05] . One way to improve the utilization of the reinforcement is the complete impregnation of the reinforcement with polymers. Fig. 1 .1 shows on the right side a cross section of an impregnated roving embedded in concrete. The filaments are bonded together adhesively by the epoxy resin and there is a clearly defined contact area between reinforcement and concrete.
Aim of the present work was the characterization of epoxy-impregnated rovings and textiles concerning the mechanical behaviour under short-term and long-term tensile load. Also the durability of epoxy-impregnated rovings in the concrete is discussed. Table 2 .1 gives an overview about the test methods which were used within the presented work. 
TEST PROGRAM

Test methods
Materials
Regarding the AR-glass composition results with VETROTEX filaments and rovings in combination with sizing are presented in this paper. The filament tensile tests were carried out using a VETROTEX filament with a diameter of approx. 14 µm. For further investigations a VETROTEX roving with a fineness of 2400 tex and a mean filament diameter of approx. 27 µm was used. These rovings were also used to produce two-dimensional AR-glass textiles at the Institute of Textile Technology, RWTH-Aachen University. The textile has a grid of 8 mm in 0° and 90°-direction. The characteristics of the reinforcement are summarized in Table 2 .2. A reactive epoxy resin based on epichlorhydrin was used together with an amine hardener for the impregnation of the AR-glass rovings and textiles. The shear viscosity of the polymeric system was 1300 mPa at 23 °C. The use of epoxy was founded on its good mechanical strength, adhesion and ageing stability. Fig. 2 .1 shows the stress-strain diagram of the epoxy cured at room temperature. The concrete mixture used for the investigations was developed at the Institute for Building Materials Research of Aachen University, ibac, as a fine-grain concrete (also called: microconcrete). The composition and the mechanical properties are described in [Bra02] . In order to achieve a good compound, a high floating ability and low diameters of aggregate are required. The pH value of this mixture is 13.5.
INVESTIGATION ON THE LOAD-BEARING CAPACITY
The investigation of the polymer application requires homogeneously impregnated rovings and textiles. The good wetting behaviour of the selected epoxy resin on sized and unsized filaments [Dil04] is a fundamental precondition for a good bond between polymer and filament. The liquid polymer system was mechanically applied to the rovings and textiles via pin rollers. By using this method a complete penetration of the reinforcement cross section was ensured, compare Fig. 1 .1. The polymer content of the roving was about 23 wt.-% in relation to the weight of the impregnated roving.
The load bearing capacity of textile reinforced concrete is determined by the interaction of the filaments themselves (inner bond) and the interaction between filaments and concrete matrix (outer bond). Through the polymeric impregnation the inner bond between the filaments is increased significantly. The good cohesive and adhesive properties of the epoxy resin result in an improved load transmission between the filaments. In tensile tests with impregnated rovings that were taken from the textile the strength of the single filament could be reached, Fig. 3 .1. This means that all filaments contribute fully to the load transfer. The failure of the roving is in consequence abrupt compared to the non impregnated roving. A non impregnated roving reveals a progressive failure of the filaments due to the different states of strain within the roving. A detailed description of the yarn tensile test of polymer-impregnated textiles is presented in [Sch06] . The outer bond between impregnated rovings and concrete was characterized by double-sided pull out tests. The embedding length of the roving was 30 mm and a displacement velocity of 0.1 mm/min. The method used for this test is described detailed in [Rau01] . Due to the high cohesive strength of the epoxy resin, high bond forces were transmitted into the reinforcement via shear bond. This led to an increased pull-out force compared with the non-impregnated roving, Fig. 3 .1.
The improvement of the inner bond led to an increased load bearing capacity of concrete specimens reinforced with impregnated textiles. The force transmission between the filaments is homogenized and the progressive filament failure after the crack formation in a fine concrete is reduced. Fig. 3 .2 shows the mechanical behaviour of textile reinforced specimens under tensile load. In addition to the high load bearing capacity the good force transmission between epoxy impregnated textiles and concrete matrix led to a constant, finely distributed crack pattern. 
Setup and Test procedure to measure the fatigue strength
The influence of a permanent static load was investigated on TSP-specimens (dog-bone shaped specimens). These specimens were developed for tensile tests of textile reinforced components. Fig. 4 .1 shows the geometry of the TSP-specimens on the left side and the upper part of the load application on the right side. The test setup for constant load tests was developed at the Institute for Building Materials Research of Aachen University, ibac, and is shown in Fig. 4 .2. The axial load is applied in the waist shaped area of the test specimens and assured by a weight at a crank of a lever. The force is measured by a load cell and the elongation is measured with two inductive gauges. The storage conditions can be varied by applying a tank to the test setup. This tank allows an under water storage of the specimen at different temperatures. 
Test results and discussion
The improved mechanical behavior regarding a permanent static loading of impregnated textiles compared to non-impregnated textiles are discribed in the following. In addition the holding time of an impregnated textile without concrete cover is shown. If not indicated, the specimen were stored at 50 °C and under water; the applied load level was 80 % of the failure load. Further, the possible reasons for the failure will be determined. The results shown in Table 4 .1 indicate clearly that the impregnation of the textiles increases the holding times significantly, if the specimens are stored under water. The rapid failure of non-impregnated textiles under constant load and storage under water is probably mainly caused by a reduction of the friction between the filaments [Orl5b]. This thesis is backed by the fact, that every specimen fails directly after water is applied. This failure mechanism is supposed to be avoided by the impregnation of the textiles, because, as shown before, the whole cross-section of a roving is filled with epoxy resin.
In order to determine the influence of the concrete on the load bearing capabilities of the impregnated textiles, in Fig. 4 .4 the stress-elongation curves of a TSP specimen with epoxy impregnated textile MAG 07-03 are compared to those of impregnated textile MAG 07-03 without concrete cover. The diagram reveals that the influence of the concrete on the mechanical properties of the reinforcement is negligible after the crack formation. This is indicated by the nearly identical slopes of the curves after the cracking zone of the concrete. The diagram also shows that the concrete has no influence on the load bearing after a finished crack pattern is reached (approx. 30 % of the failure load). As a consequence the time up to failure of the specimen tested under constant load are mainly influenced by the mechanical properties of the reinforcement. The theoretical maximum tensile strength is the value calculated out of the tensile strength of one single filament and the number of filaments used in one roving. This value is an indication for the number of filaments needed to carry the applied load.
Using the number of filaments and the single filament strength, it can be calculated that the maximum theoretical tensile strength of an impregnated textile is approx. 1740 N/mm², which corresponds to an utilization of all filaments of one roving. The maximum tensile strength received in the experiment is 1311 N/mm², see Fig. 4 .4. So the utilization according to equation 4.1 is 75 %. In comparison the maximum tensile strength of a non-impregnated roving is 1630 N/mm² and the measured tensile strength is approx. 700 N/mm². That means the utilization is 43 %. The significant higher utilization of the reinforcement by using a compound reinforcement -e.g. impregnated textiles -is probably the reason for the rather quick failure compared to the possibilities shown with specimens stored at 23 °C, 50 % r.h.. Transferring these values to the static load level (80 % of the failure load), that means approx. 60 % of the maximum theoretical strength of the impregnated reinforcement is reached. This also correlates with the number of required filaments -60 % of all filaments of the roving are required to carry the applied load. Comparing this value to rovings without impregnation the utilization under constant load (80 % of the failure load) is approx. 35 %. That means the "safety clearance" in case of the impregnated textiles is significantly smaller. It has to be determined whether flaws of the impregnation or local flaws of the reinforcement are responsible for the usage of the small "safety clearance".
LONG-TERM STRENGTH LOSS OF THE TRC CAUSED BY THE ENVIRONMENT
Despite the fact that alkali-resistant glass fibres are used as reinforcement, the tensile strength of the AR-glass-reinforcement is reduced by the alkalinity of the concrete as a function of time. Based on extensive long-term investigations a physical-chemical durability model for AR-glass fibre reinforced concrete was developed [Orl05b] . Within the scope of actual ongoing research the influence of a polymer impregnation on the durability of the AR-glass fibres in a high-alkaline environment is investigated. The results of the impregnation with epoxy resin are shown in the following.
The degree of strength loss f l can be calculated using equation 5.2:
where f l,t degree of strength loss at time t f t tensile strength of the specimen at time t The tensile strength of the impregnated filament (1850 N/mm²) is located within the same agnitude as the tensile strength of the filament without impregnation, see Table 2 .2. The tensile tests were performed with 10 single filaments after 7, 14 and 28 days of storage in alkaline solution at 50 °C. As shown in Fig. 5 .1 the impregnation shows no influence on the degree of strength loss of the AR-glass reinforcement. After a period of 7 days, the degree of strength loss is approx. 40 %. This value increases within the next 14 days up to 60 % (value after 28 d). These results have to be analyzed under consideration of the following two aspects: the impregnation with epoxy resin on a single filament has a very low thickness and the attack area of the alkaline solution is equal to the whole filament area. Rovings which are used as reinforcement in concrete have a much smaller attack area, because the alkaline solution only accesses the roving in the pores of the concrete. An additional reduction of the attack area is a result of the impregnation of the whole cross-section of the filament with epoxy resin, compare Fig. 1.1 . As a consequence, the alkaline solution is not able to reach the areas between the filaments. Also the thickness of the impregnation is easily increased by using rovings instead of single filaments, which is mainly caused by the impregnation process. So the results have to be interpreted very carefully.
This influence of the attack area can also be seen in Fig. 5 The impregnated textiles reveal a significant lower degree of strength loss than the nonimpregnated textiles. This reduction in the degree of strength loss is probably a result of the noticeable lower attack area of the alkaline solution in the pore system and the increased thickness of the epoxy resin compared to the filament tests. The influence of the thickness of the epoxy resin will be investigated in further test series. Another test parameter investigated at the time is the influence of the type of epoxy resin: in addition to the already used epoxy resin water-based epoxy resins are used in current tests. 
CONCLUSIONS AND OUTLOOK
The load bearing capacity of textile reinforced components is significantly increased by the use of epoxy impregnated textiles. The utilization of approx. 75 % of the material strength of the AR-glass demonstrates the ability of this reinforcement. The durability of impregnated AR-glass textiles embedded in the concrete PZ-0899-01 is improved compared to the nonimpregnated AR-glass textiles. This improvement seems to be a function of the thickness of the impregnation layer and the contact area between the alkaline (pore) solution and the reinforcement. In current research, the influence of the polymer formulation and the type of applying the coating are analysed.
The high utilization of the reinforcement causes a rather quick failure under constant load which is presumed to be the influence of local flaws in the impregnated textiles caused by the load. A possible improvement to solve this problem is the modification of the coating layer in order to minimize the flaws or delaminations under constant load. Actual research work show, that another possibility in order to increase the durability under constant load is the improvement of the bond between the impregnated textile and the concrete. So the crack width and the corroding surface can be minimized.
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